The objective of this paper was to test the hypothesis that growth and soil moisture would increase after heavy thinning in seven years old oak-hornbeam coppice stand. Effects of thinning on (i) diameter and height increment of the remaining sprouts in polycormons, and (ii) soil moisture were studied one year after thinning. The experiment was carried out in the southeastern part of the Czech Republic. Thinning reduced 50% of the total stump basal area per polycormon. One to five dominant sprouts were left. Results showed that thinning significantly increased diameter increment of sessile oak (59%) and European hornbeam (61%). However, thinning did not increase height increment of sessile oak and European hornbeam. Diameter increments of sessile oak and European hornbeam were not different. Height increment of European hornbeam was 30% higher than that of sessile oak in thinned plots and 53% higher in unthinned plots. Soil moisture increased significantly in thinned plots.
Legislation in the Czech Republic distinguishes three different silvicultural systems: high forest, coppice and coppice-with-standards. High forest is the most frequently represented silvicultural system. Nowadays, coppice or coppice-with-standards becomes increasingly a good option for small forest owners. In coppice, the owners can achieve a more balanced yield compared to high forest (Kneifl et al. 2011) . Coppicing has been a traditional and old silvicultural system in the Czech Republic (Müllerová et al. 2014) . Coppicing was common for centuries in most of the European lowland forests (Rackham 2010) . Coppice forests produce, among other assortments, also firewood which is a renewable energy resource. Nowadays, special significance of coppices for nature conservation is acknowledged. Re-introduction of a traditional system of coppice management is the best way of maintaining valuable and attractive mixtures of herbs (Buckley 1992; Brunet et al. 1996; Konvička et al. 2006; van Calster et al. 2008; Vild et al. 2013) .
In the history, no interventions were usually carried out in coppice stands before the determined period of rotation, mostly because of economic reasons. Nowadays, in the light of new findings related to global climate change, it seems reasonable to carry out thinning in coppices. It has been discovered that soil moisture increases after thinning and thus more water is available to remaining sprouts in polycormons. This topic has been studied in the Mediterranean area and several papers documented a positive impact of thinning on soil moisture (Cotillas et al. 2009; Rodríguez-Calcerrada et al. 2011) . According to the forecasts (Choat et al. 2012; Pretel 2012; IPCC 2014) , drought will be a big issue in forestry.
Nowadays, coppices cover 0.7% (19,825 ha) and coppices-with-standards cover 1.9% (51,187 ha) of the total forest area of the Czech Republic. Oak and hornbeam -among the broadleaved tree speciescover 7.4% and 1.9% of the forest area of the Czech Republic, respectively (Forest Management Institute 2007) . In the Mediterranean area, information about the impact of thinning on holm oak (Quercus ilex Linnaeus), Pyrenean oak (Quercus pyrenaica Willdenow), and Quercus cerriodes Wilk & Costa growth is available. However, information on typical, central European coppice tree species such as sessile oak (Quercus petraea (von Mattuschka) Liebl) and European hornbeam (Carpinus betulus Linnaeus) is only scarce (Šálek et al. 2014) . Because of this fact, we established experimental plots in 2008, where high forest has been converted to coppice and coppicewith-standards. The plots were located in 30 and 40 years old quasi high forest (derived from coppice). The yield class of sessile oak was 24 and of European hornbeam it was 18 according to Forest Management Plan 2003 -2012 . The value of a yield class is the average height of the vegetation at the standard age (100 years in this country). The aim of the article is to find out whether there is a significant impact of thinning in coppice on (i) diameter and height increment of the remaining sprouts, and (ii) soil moisture.
MATERIAL AND METHODS
Study site. Our research was carried out in the territory of the Training Forest Enterprise Masaryk Forest Křtiny, Bílovice forest district, in the southeastern part of the Czech Republic (49°25'N latitude, 16°68'E longitude). The mean elevation in the study site is 328 m a.s.l., on a western slope with 5° inclination. The soil type is Cambisol on the granodiorite bedrock. The predominant forest type is nutrient-medium beech-oak stand with Galium rotundifolium Linnaeus (Viewegh et al. 2003) . The annual mean temperature in the area is approximately 7.5°C, with annual rainfall of 550-650 mm. In the seven-year-old coppice stand, the main tree species which were studied were sessile oak and European hornbeam (associated species: European beech (Fagus sylvatica Linnaeus), silver birch (Betula pendula Roth), wild cherry (Prunus avium Linnaeus) and wild service tree (Sorbus torminalis/ Linnaeus/Crantz)).
Experimental design and field measurements. The research area has a rectangular shape (40 × 125 m). It was fenced prior to the experiment beginning and the surrounding area was classified as a protection zone. The research area is divided into eight rectangles. In the centre of each rectangle, a circular plot with a radius of 5 m was established, where quantitative and qualitative characteristics were measured. Between these circular plots is a 14 m wide buffer zone. The research plot was established in 2008 using the methodology according to Kadavý et al. (2011a) . Basic overview of the circular plots is shown in Table 1 .
At the beginning and at the end of the growing season 2015, diameters, heights and numbers of sprouts in polycormons were recorded.
Diameters of sprouts thicker than 1 cm were measured with a digital calliper in two directions perpendicular to each other 50 cm above the ground and then averaged. All polycormons were permanently numbered and the diameter measurement points were signed with a white horizontal line. The height of SO -sessile oak, EH -European hornbeam, Hg -mean height, Dg -quadratic mean diameter, G -basal area per ha, *calculated from G, **at 0.5 m a.g.l.
the longest sprout in each polycormon was measured with a telescopic rod. Four of the eight rectangular subplots were thinned in the winter 2014/2015. Thinning was done with a hand saw at the ground level by a 50% basal area reduction in each polycormon. The reduction was carried out by leaving 1-3 dominant sprouts per stump for sessile oaks and 1-5 dominant sprouts per stump for European hornbeam polycormons. A standard climatic station (EMS Brno, Czech Republic) was set up in an open place on the experimental site in 2014. Air temperature and precipitation were measured and stored in a data logger in one-hour interval.
A soil pit was dug in May 2015, all soil horizons were classified and described. Important and practical information we derived from the soil pit was a depth of the rooting zone. It reached to 40 cm below the ground. This information was necessary to set the depths of soil moisture sensors.
Soil moisture was monitored from June to November 2015 using a PR2 Profile Probe (Delta-T Devices, Ltd., Cambridge, UK) and SM300 Soil Moisture Sensor with HH2 Moisture Meter -Readout Unit (Delta-T Devices, Ltd., Cambridge, UK). Twelve 40 cm long probes were permanently installed by soil augers into the soil on four circular plots where thinning was carried out, and the parts without interventions. Volumetric soil moisture content was measured every three weeks at 5 cm with SM300 Soil Moisture Sensor and at 10, 20, 30 and 40 cm with PR2 Profile Probe.
Statistical analyses. The response of diameter and height increments to different treatments in oak-hornbeam coppice was analysed by a twosample t-test. The same method was used to find out whether treatments affected the soil moisture.
Comparison of diameter and height increments between sessile oak and European hornbeam was also carried out. This was tested for thinned and unthinned plots separately. All tests were done with the significance level α = 0.05, thus the confidence of results was 95%. All analyses were done in STA-TISTICA (Version 12, 2013) .
RESULTS

Diameter and height increment
Diameter increment was influenced by thinning.
The mean values of diameter increment of sessile oak were 6.56 ± 0.98 mm·year -1 in thinned plots and 4.13 ± 0.50 mm·year -1 in unthinned plots. The mean values of diameter increment of European hornbeam were 6.20 ± 0.62 mm·year -1 in thinned plots and 3.85 ± 0.37 mm·year -1 in unthinned plots. The diameter increment of sessile oak was 59% higher in thinned plots and 61% for European hornbeam (Fig. 1) . The differences between thinned and unthinned plots were statistically significant (Table 2) . Diameter increment of sessile oak in thinned and/ or unthinned plots was similar to diameter increment of European hornbeam (Fig. 1) . Diameter increment of sessile oak was only 6% higher than that of European hornbeam in thinned plots and 7% in unthinned plots. However, these differences were not statistically significant (Table 3) . -1 in unthinned plots. The height increment of sessile oak was only 7% higher in thinned plots and the height increment of European hornbeam was 10% higher in unthinned plots (Fig. 2) . These differences between thinned and unthinned plots were not statistically significant (Table 2 ). Height increment of European hornbeam was significantly higher than height increment of sessile oak in thinned plots (30%) and unthinned plots (53%) (Table 3, Fig. 2 ).
Soil moisture
Soil moisture was higher in thinned plots. A difference in soil moisture between thinned and unthinned plots was statistically significant (Table 2, Fig. 3) . Mean values in Fig. 3 show a positive effect of thinning on soil moisture in coppice stand. Soil moisture of thinned plots was 43% higher than that of unthinned plots.
DISCUSSION
In the past, coppice stands were only clear cut (Ciancio et al. 2006) and no thinning was performed normally (Evans 1992) . Now the previously practised method shifted to thinning to improve the development of trees in coppices (Montes et al. 2004 ). The reasons for thinning are economic, ecophysiological, and ecological.
Coppice forestry has higher production of firewood in short terms (Proe et al. 1999; Kadavý et al. 2011b) . Nowadays, an increasing demand and price of renewable energy resources is noted.
Diameter increment is strongly influenced by climatic characteristics such as precipitation and air temperature (Orwig, Abrams 1997) . Thinning reduces density of coppice stands and tree competition. It also increases available soil water, soil nutrients, available light and space for the remaining sprouts (Montes et ). In general, if such treatment should increase the soil water level, thinning must be intense. Otherwise, a slight increase in soil moisture will be consumed very quickly without any measurable effect on the trees (Anderson et al. 1976; Aussenac, Granier 1988; Aussenac 2000) . It was confirmed in the Mediterranean region that the soil moisture is higher in thinned than in unthinned plots (Cotillas et al. 2009 ). In our experiment, the soil moisture increased by 15% in the first year after thinning. The soil moisture in thinned plots was by 43% higher than that of unthinned plots. Recently, changes in air temperatures and distribution of precipitation have been observed. This trend will continue in the future, thus warmer and drier years can be expected (IPCC 2014) . Coppicing can be a suitable management approach to altered climate conditions because the well-established root system is not as susceptible to drought as that of young seed-origin trees (Pallardy 2008) . The large root system supplies a considerable amount of assimilates, nutrients and water to newly created sprouts in their initial stages of development. This explains the rapid initial growth of sprouts in comparison with seedlings (Castell et al. 1994; Crombie 1997; Miller, Kauffman 1998) . Coppice could be therefore more resistant to drought than trees of seed origin (Lloret et al. 2004) .
The effect of thinning on coppice diameter and height increment was studied in our experiment. Generally, silvicultural treatments affect diameter increment much more than height increment. Height growth is relatively independent of the crowding degree except for an extremely narrow spacing (Oliver, Larson 1996) . The mean diameter of a tree in the coppice (holm oak) reflects the influence of both the quality of the stand and thinning intervention (Gracia, Renata 1996) . Thinning has a positive effect on diameter increment. This information was confirmed for Pyrenean oak in coppice stands in Spanish central mountains after heavy (50% of the basal area removed) and moderate (35%) thinning in comparison with unthinned plots, while light thinning (25% of the basal area removed) had only a low impact on diameter increment in comparison with unthinned plots . We could confirm a positive effect of thinning on diameter increment (it was 59% higher for sessile oak and 61% higher for European hornbeam in thinned plots as compared to unthinned plots). A light thinning opens the canopy only slightly (Ducrey, Toth 1992; Cañellas et al. 2004 ). Heavy and moderate thinning increased the mean diameter increment by 157% for 30 years old coppice compared to unthinned plots during the first four years after thinning ). The same results were obtained by Ducrey and Toth (1992) and Mayor and Rodá (1993) in holm oak coppice stands. Thinning significantly increased the mean diameter increment of holm oak sprouts by 83% over that of unthinned plots during 6-9 years after thinning (Mayor, Rodà 1993) . Diameter increment of holm oak sprouts after very heavy thinning (70% and more of the basal area removed) increased 70% for 8 years old coppice and 85% for 25 years old coppice as compared to unthinned plots. According to the information mentioned above the increase in diameter increment was higher for older coppices (Ducrey, Toth 1992) .
It has been documented that height growth can slow down after a very strong release especially in trees with weak epinastic control (e.g. oak) (Hamilton, Christie 1974) . Results of Cañellas et al. (2004) did not show any differences between treatments in height increment of Pyrenean oak. Our results are similar -we did not find any statistically significant differences in sessile oak and European hornbeam height increments between thinned and unthinned plots. Various reactions of height growth in comparison with the diameter increment were also detected in European beech coppice (Ciancio et al. 2006) . The impact of thinning on the height increment of holm oak changes with the coppice age. Thinning in young coppice (4-8 years old) had low or no positive effect on height increment, but this statement is not valid for older coppice stands (15-25 years old) (Ducrey, Toth 1992) .
CONCLUSIONS
The aim of this paper was to determine the response of diameter and height increment to thinning in seven years old oak-hornbeam coppice in the southeastern part of the Czech Republic. The effect of thinning on soil moisture was also studied. The obtained results suggest that thinning increases diameter increment of the remaining sprouts of sessile oak and European hornbeam and it also increases soil moisture in the first year after thinning. However, thinning does not increase height increment. Diameter increments of both species were similar. Height increment of European hornbeam was higher than that of sessile oak.
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